Specification 

SEMICONDUCTOR ELEMENT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a semiconductor 
element having a parallel p-n junction layer with an 
arrangement of alternately joining a plurality of drift regions 
made up of a f irsL conduction type semiconductor and a plurality 

s-\ -f- v-n v- -I- -J -|- -5 /-\-y^ v>r\rfi nnc m /~J <a nrv /-\ "F c nr<AnH r«r\nr1n r«'|- l nn "H \ T~r\ ^ 

semiconductor. The drift regions extend from a first 
principal surface side of a semiconductor substrate toward a 
second principal surface side thereof, the partition regions 
extend in the same way as the drift regions , and both regions 
are joined in a direction crossing the direction in which the 
regions extend. The parallel p-n junction layer becomes a 
drift layer that allows a current to flow when the semiconductor 
element is in a turned-on state and becomes depleted when in 
a turned-off state. The invention particularly relates to a 
MOSFET (Insulated-gate field effect transistor), an IGBT 
(Insulated-gate bipolar transistor) and a semiconductor which 
is a applicable to a bipolar transistor etc., and can be 
provided with compatibility between a high breakdown voltage 
capability and a high current capacity capability. 
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2. Description of the Related Art 

Semiconductor elements may be generally classified into 
lateral elements and vertical elements. A lateral element is 
provided with electrodes on one of surfaces of a semiconductor 
substrate to allow a current to flow in a direction in parallel 
with a principal surface . A vertical element is provided with 
electrodes on both surfaces of a semiconductor substrate to 
allow a current to flow in a direction perpendicular to the 
principal surface. In the vertical semiconductor element, a 

direction in whicn a arm: uuucnu — 

. . ^ c a Hi rpr.H on in which a depletion 
maae luineu-un 10 — - 

layer is extended by a reverse bias voltage applied when the 
element is made turned-off. For example, in an ordinary planer 
n-channel vertical MOSFET, a section of an iT-drift layer with 
high resistance operates as a region of allowing a drift current 
to flow in the vertical direction when the MOSFET is in a 
turned-on state and becomes a depletion region when the MOSFET 
is in a turned-off state to increase the breakdown voltage. 

To shorten a current path in the n'-drift layer with 
high resistance is to lower drift resistance to a current . This 
leads to an effect of reducing substantial on-resistance of 
the MOSFET. However, the expanding width of a depletion layer 
between a drain and a base, traveling from the p-n junction 
between a p-base region and the xT-drift region, is adversely 
narrow. This makes electric field strength in the depletion 
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layer quickly reach the critical electric field strength of 
silicon to reduce the breakdown voltage. Conversely, in a 
semiconductor device with a high breakdown voltage, the n" 
-drif t layer is provided as being thick, by which on-resistance 
is inevitably made increased to result in increased loss . That 
is, there is a tradeoff between the on-resistance and the 
breakdown voltage. 

It is known that the same tradeoff holds also for such 
semiconductor elements as IGBTs, bipolar transistors and 

aioaes . noxeuvej. , l.hc f- 1 - wj ^ j - v - all -~ 

-: ninmoni- in which the flowina direction of a drift 

OCH.lXWVyil^W^ <_v^ — 

current when the element is turned-on differs from the 
travelling direction of a depletion layer expanded by a reverse 
bias voltage applied when the element is turned-off. As 
measures for solving the problem, structures of semiconductor 
devices are disclosed in, for example, EP-B 0 053 854, USP 
5,216,275, USP 5,438,215 and JP-A-9-2 66311 . In each of the 
disclosed structures, a drift layer is arranged with a parallel 
p-n junction layer in which highly doped n-type regions and 
p-type regions are alternately disposed. The parallel p-n 
junction layer becomes a depletion layer when the device is 
in a turned-off state so as to bear a voltage to withstand. 

The structural difference between the above 
semiconductor device and an ordinary planer n-channel vertical 
MOSFET is that the drift layer is not made up of a layer with 
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a uniform and single conduction type, but of the above- 
described parallel p-n junction layer. In the parallel p-n 
junction layer, when the element is in a turned-of f state, from 
each of the p-n junction aligned in the vertical direction of 
the parallel p-n structure, a depletion layer expands in the 
lateral direction on both sides of the p-n junction even though 
an impurity concentration is high. This brings the whole drift 
region to become a depletion region to allow the device to have 
a high breakdown voltage. In the specification, the 

4 j ,,a ^ ^v-i -Ft- QPrt-i nn with SUCh 

semiconductor eiemmiL H^ ViUCU - 

n^, — ^mrfinn structure is to be referred to as a 

a paJ.aj-j.cx f " j v.*«w — 

super junction semiconductor element. 

Incidentally, on-resistance of a planer super junction 
MOSFET (Ron • A) is generally expressed approximately by the 
following expression (1), where resistance of a source layer 
is denoted by R„, channel resistance is denoted by R ch , 
resistance of an accumulation layer is denoted by Race 
resistance by a junction FET ( JFET) effect is denoted by R JFET , 
drift resistance is denoted by R drift , resistance of a drain 

layer is denoted by R d and an area of a region causing the 

on-resistance is denoted by A: 

Ron • A= (Rs + Roh + R a oo + RjFET + Rdrift + Rd) • A. (1) 

In the super junction semiconductor element, the drift 
resistance R drift is given by the following expression (2). 
Therefore, even though a breakdown voltage is increased, only 
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the drift resistance increases in proportion to the breakdown 
voltage. This allows dramatic reduction in the on-resistance 
compared with related MOSFETs. Furthermore, for the same 
breakdown voltage, by reducing a width d of the n-drift region 
in the parallel p-n junction layer, the on-resistance can be 
further reduced. In the expression (2), n is a mobility of 
electrons, s 0 is the permittivity in vacuum, s s is the specific 
permittivity of silicon, Ec is critical electric field strength 
and Vb is a breakdown voltage: 



A = (4 . d • vjo) / ip- • t 0 • os - ' 



— riiH-Ft- resistance Rdrift 1S 

v-.- — 



Rdrift * 

However, while 
dramatically reduced, resistance components other than the 
drift resistance in the expression (1) become significant. In 
particular, the proportion of the resistance R JFET in the JFET 
effect is large in the on-resistance. For improving this, 
application of a so-called trench MOSFET is proposed in which 
a gate electrode fills each of trenches dug from the substrate 
surface for inducing a channel in a section on the side wall 
of the trench. JUxnat a trench super junction semiconductor 
element, there is a disclosure in, for example, JP-A-2002- 
76339. 

However, also in the case of the trench MOSFET, a voltage 
withstanding structure section is provided in the same way as 
in the planer MOSFET . Therefore, when the MOSFET has 
stripe-like trenches, an end portion of each of the trenches 
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U sometimes f »«d in a region where the structure o £ the 
regi on chafes to that of the voUa,e withstand^ structure 

ln . shape of a three-dimensionai curve, surface causes 
eiectric fieid concentration in a region at the end portion 
o£ the trench to hrin, ahout possihie reduction in a hreatdown 
voltage. 

In addition, in a transition sta 9 e of oein, shifted fro, 

, ff ci-ate the depletion layer 
a turned-on state to a turned-off state, 

. j_ ^ ~~ cfrnrtnre. 

ls quickly expanded in the parallel p-n J1B ~ - 

. ^crsnina to cause the 
This prevents accumulated carr^o — - 

di schar g ed carriers to encounter a stron, electric field due 
to electric field concentration, which na.es the carriers 
easily injected into a 9 ate insulator film as hot carrrers. 
T nus, the ,ate insulator film is degraded to cause such possihie 
loU erin, in reliahility of the g ate insuiator tit. as to hrin, 
about reduction in a threshold volta 9 e. The applicant 
di scloses in ^2.01-31339! a structure of a planer super 
junct ion semiconductor device that can suppress inaction of 
hot carriers into a 9 ate insulator layer. However, it as 
necessary also for the trench super junction semiconductor 

~* h^-t- rarriers into the gate 
element to suppress injectxon of hot came 

insulator film. 

The invention has teen made in view of the fore^oin, 
wit h an o M ect of providing a trench super junction 
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semiconductor element which inhibits reduction in a breakdown 
voltage, and along with this, has a high reliability o£ the 
gate insulator film. 

SUMMARY OF THE INVENTION 
in order to achieve the above object, the super junction 
semiconductor element according to the invention has a low 
resistance layer and a parallel p-n junction layer between a 
first principal surface and a second principal surface of a 

-i t _ t ~ nnnr-f i nn laver 

semiconductor substrate. me P^— *- » 

. .nnHnrHnn tvoe drift regions 

includes a piuraxii-y ui ~~ 

and a plurality of second conduction type partition regions. 
Both of the first conduction type drift regions and the second 
conduction type partition regions extend in the vertical 
direction fro, the first principal surface side toward the 
second principal surface side. The parallel p-n junction 
layer has a structure in which the first conduction type drift 
regions and the second conduction type partition regions are 
alternately joined in a lateral direction. Moreover, each of 
the second conduction type partition regions as a part of a 
plurality of the second conduction type partition regions has 
a section with an impurity concentration higher than that on 
the second principal surface side or a section with a width 
larger than that on the second principal surface side. The 
sections each with the higher impurity concentration or with 
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the larger width in the second conduction type partition 
regions as a part have end portions of the trenches therein 
that are formed on the first principal surface side. 

On the inner surface of each of the trenches, there is 
provided a gate insulator film. Inside of the trench, covered 
with the gate insulator film, is filled in with a gate electrode . 
A second conduction type base region is provided on a surface 
layer on the first principal surface side so as to be in contact 
with at least a part of a section along a side wall of each 

. • j u-sr-rt vorfi nn . fh^re are 

trench. In the second conauuLiuu l.*^ — — • 

. , ..x. -^^.f^n +-wr^ snnrne reaions so that each of 
provided iiisl ^uiiuuou^.^- ^ j l 

them is separated from the first conduction type drift regions 
by the second conduction type base region and is in contact 
with a section of the gate insulator film along the side wall 

of each trench. 

in the invention, the section with a higher impurity 
concentration or with a larger width surrounding the end 
portion of the trench in the second conduction type partition 
region with the end portion of the trench formed therein can 
be disposed in the second conduction type partition region in 
the parallel p-n junction layer disposed in a region in which 
a current is allowed to flow in a turned-on state. Moreover, 
all of the first conduction type drift region, the second 
conduction type partition region and the trench are stripe-like, 
and the first conduction type drift region and the second 
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conduction type partition region can be approximately 
perpendicular to the trench. In this case, in addition to the 
trench approximately perpendicular to the first conduction 
type drift region and the second conduction type partition 
region, a second trench perpendicular to the trench can be 
provided. Both Kinds of the trenches can be connected with 
each other so as to surround a region in which a current is 
allowed to flow in the turned-on state. The same is for the 
case in which the first conduction type drift region and the 

.... . „J ~ onnrnVI TY1 ^ f P 1 V ill 

second conduction type partition — — 

^ v m hhi. rase, a structure can be 

parallel witn uis uj-chw*. — -- 

provided in which the trench and a second trench disposed 
perpendicularly thereto are connected with each other so as 
to surround a region in which a current is allowed to flow in 

the turned-on state- 

According to the invention, a part in a shape of a 
three-dimensional curved surface of the end portion of the 
trench is surrounded by the section with a higher impurity 
concentration or with a larger width in the second conduction 
type partition region in the parallel p-n junction layer. This 
increases electric field strength at a boundary between the 
section with a higher impurity concentration or with a larger 
width in the second conduction type partition region and the 
first conduction type drift region. Therefore, concentration 
of electric field strength to the part in the shape of the 
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three-dimensional curved surface of the end portion of the 
trench is lessened. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 1 of the 
invention; 

FIG. 2 is a schematic view showing a principal part in 

i _ „ ^ K^-h*-rvm nnrf i nns of the 

a planer structure at * uc^un 

, . _ ^n,rHn. semiconductor element shown in 
crencues ±n (-.nc _> 

FIG. l; 

FIG. 3 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 2 of the 
invention; 

FIG. 4 is a schematic view showing a principal part in 
a planer structure at a depth near bottom portions of the 
trenches in the super junction semiconductor element shown in 
FIG. 3; 

FIG. 5 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 3 of the 
invention; 

FIG. 6 is a schematic view showing a principal part in 
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a planer structure at a depth near bottom portions of the 
trenches in the super junction semiconductor element shown in 
FIG. 5; 

FIG. 7 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 4 of the 
invention; 

FIG. 8 is a schematic view showing a principal part in 
a planer structure at a depth near bottom portions of the 

p1 p.ment shown in 

trenches m ine bupei juhouj-wx* — 
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FIG. 9 is a schematic view showing a principal part in 
a planer structure at a depth near bottom portions of the 
trenches in a super junction semiconductor element according 
to the embodiment 5 of the invention; 

FIG. 10 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 6 of the 
invention; 

FIG. 11 is a schematic view showing a principal part 
in a planer structure at a depth near bottom portions of the 
trenches in the super junction semiconductor element shown in 
FIG. 10; 

FIG. 12 is a vertical cross sectional view showing a 
structure in a cross section taken on line A - A' in FIG. 11; 
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FIG. 13 is a vertical cross sectional view showing a 
structure in a cross section taken on line B - B' in FIG. 11; 

FIG. 14 is a schematic view showing a principal part 
in a planer structure at a depth near bottom portions of the 
trenches in a super junction semiconductor element according 
to the embodiment 7 of the invention; 

FIG. 15 is a vertical cross sectional view showing a 
structure in a cross section taken on line C - C in FIG. 14; 
and 

- , . j_j i ^ ^ corHnnal VI <=>W showind 3. 

fit). lO -L£> a vcn-iV/di ^j-^ww 

>s section taken on line D-D' in FIG. 14. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following, preferred embodiments according to 
the invention will be explained in detail with reference to 
the drawings. In the following explanation and attached 
drawings, a layer or a region with the additional character 
or the reference character of »n" or "p" means a layer or a 
region with electrons or holes taken as major carriers, 
respectively. Moreover, the index attached to the 

character V or "p" means that the layer or the region has 
a relatively high impurity concentration. Furthermore, in the 
following explanation, the first conduction type is referred 
to as n-type and the second conduction type is referred to as 
p-type. However, the same is for the case in which the 
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characters "n" and "p" are reversed. 
Embodiment 1 

FIGURE 1 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 1 of the 
invention. As shown in FIG. 1, a parallel p-n junction layer 
14 is formed on an n + -drain layer 11 that is a low resistance 
layer. The parallel p-n junction layer 14 has an arrangement 
in which thin n-drift regions 12 and thin p-partition regions 

3 x- „ -u^ A^\y^aA fn nnp another. On 

13 are alternately ui^uocu ^ ^ j — - 

n i «i — nunrHnn l aver 14, a p-base region 15 is formed. 

Lllti pCL-L Cl-L J-^J- ^ J ****** -« 

On the surface layer of the p-base region 15, n + -source regions 
16 are formed. Each of the n-drift regions 12 and the p- 
partition regions 13 is stripe-like in a plan view. 

Moreover, in the p-base region 15, trenches 17 are formed 
which penetrate through the p-base region 15 and the n + -source 
regions 16 from the surfaces thereof to reach the parallel p-n 
junction layer 14. Each of the trenches 17 is filled in with 
a gate electrode 19 with a gate insulator film 18 put between 
the trench 17 and the gate electrode 18 . The trench 17 is formed 
in a stripe-like shape extending in a direction approximately 
perpendicular to the n-drift regions 12 and the p-partition 
regions 13. 

A part 20 in a shape of a three-dimensional curved 
surface in the end portion of the trench 17 is formed so as 
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to be positioned in the p-partition regions 13. A section in 
the p- P artition regions 13 surrounding the part 20 in a shape 
of a three-dimensional curved surface of the end portion of 
the trench becomes a p + -region 21 in which an impurity 
concentration is higher than that in a section thereunder. 
Here, the region in which the p-base region 15 is provided is 
an active section that allows a current to flow in a turned-on 
state, in the active section, in the p-partition region 13 
in which no end portion of the trench is positioned, the 

j ««y>fr2f inn i .«=; alSO 

p+-region 21 with a nigner imyu^xu^ — 

. . . , "u ^ i -f cQr-i-inn -thereof. 

provided in tne uyyci- uux. 

As an example, a standard dimension and a standard 
impurity concentration in each section is given as follows. 
About the trench 17, the width is approximately Ijim and the 
depth is approximately 3. 5pm. About the p + -region 21, the 
width is approximately 6 m . the depth is approximately 12^m 
and the impurity concentration is approximately 4 x 10 15 cm-\ 
Moreover, about the p-partition region 13, the width is 
approximately 6^ and the impurity concentration is 

approximately 3.6 x 10 15 cm -3 . 

About the n-drift region 12, the width is approximately 
6M m and the impurity concentrations are equal both in a section 
in contact with the P - P artition region 13 and in a section in 
contact with the p + -region 21 to be approximately 3 . 6 x lO^cm" 3 . 
Therefore, in the parallel p-n junction layer 14, a total amount 
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of impurity in a section, with which the part 20 in a shape 
of a three-dimensional curved surface in the end portion of 
the trench is in contact, becomes larger compared with that 
in the case in which no p + -region 21 is provided. 

FIGURE 2 is a schematic view showing a principal part 
in a planer structure at a depth near bottom portions of the 
trenches in the super junction semiconductor element shown in 
FIG. 1. When the width of the trench 17 is on the order of 

1M* as explained above, the radius of curvature of the part 

1-hp. end 

20 in a shape of a three-aiiuensxunax .u..- ~ 

, , ^vnvim^plv 0.5um. Thus, the 

portion ot tne trencn ueuumca c^^~« 

width of a region having the part 20 in a shape of a 
three-dimensional curved surface becomes on the order of l^m, 
which is the same order as the trench width. Therefore, as 
shown in FIG. 2, the part 20 in a shape of a three-dimensional 
curved surface in the end portion of the trench is to be 

completely surrounded by the p+-region 21 with the width of 

6|jm. 

in FIG. 1, the outside of the active section is shown 
as a voltage withstanding structure section. In the voltage 
withstanding structure section, a fine parallel p-n junction 
layer 14 is disposed for the purpose of lessening an electric 
field. Each of an n-region 22 and a p-region 23 in the fine 
parallel p-n junction layer 14 has a width about a half of the 
width of each of the n-drift region 12 and the p-partition 
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region 13 in the parallel p-n junction layer 14 in the active 
section. The voltage withstanding structure section is 
provided with structures such as a field plate structure and 
a guard ring structure as necessary, although illustration and 
explanation thereof are omitted. In addition, although 
illustration is omitted, a source electrode, insulated from 
the gate electrode 19 by an interlayer insulator film, is in 
contact with the n + -source regions 16 and the p-base region 
15, and a drain electrode is in contact with the n + -drain layer 
11. 

, +■ r\ -hho ahnvp-described embodiment 1, when a 

reverse bias voltage equal to or more than 50V is applied across 
the p + -region 21 with a high impurity concentration and the 
n-drift region 12, the parallel p-n junction layer 14 in the 
active section is completely depleted. However, the p + -region 
21, since it completely surrounds the part 20 in a shape of 
a three-dimensional curved surface in the end portion of the 
trench, causes an electric field at that time to increase at 
a boundary between the P + -region 21 and the n-drift region 12. 
Therefore, the electric field at the part 20 in a shape of a 
three-dimensional curved surface in the end portion of the 
trench is relatively lessened. This suppresses hot carriers 
injected into the gate insulator film 18 of the part 20 in a 
shape of a three-dimensional curved surface, by which there 
can be obtained an effect of increasing reliability of the gate 
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insulator film 18. Furthermore, since no breakdown voltage 
is determined by the part 20 in a shape of a three-dimensional 
curved surface in the end portion of the trench, it becomes 
possible to obtain a breakdown voltage as desired. 

According to the embodiment 1, the p + -region 21 disposed 
in the active section makes the breakdown voltage determined 
in the active section. Thus, an avalanche current is generated 
in the active section. This makes it possible to avoid the 
avalanche current concentrating into the part 20 in a shape 

. .i n ^ (=>r\c\ nortion of 

of a three-dimensionai cuivcu — - 

, ..^v, .r, offpr.f. of increasing an avalanche 
tne "crencn, uy vvnx^ — 

breakdown voltage can be obtained. 
Embodiment 2 

FIGURE 3 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 2 of the 
invention. FIGURE 4 is a schematic view showing a principal 
part in a planer structure at a depth near bottom portions of 
the trenches in the element. The embodiment 2 differs from 
the embodiment 1 in that no p-region 21 is provided and that 
a section 31 in the p-partition regions 13, surrounding the 
part 20 in a shape of a three-dimensional curved surface of 
the end portion of the trench, has a width made to become wider 
than the width of the section thereunder. 

The impurity concentration of the P -partition region 
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13 including the wider section 31 is uniform and the same as 
that of an n-drift region 12. The width of the wider section 
31 in the p-partition region 13 is, for example, approximately 
6.6pm. Therefore, the width of the section in the n-drift 
region 12 in contact with the wider section 31 in the p- 
partition region 13 is approximately 5.4pm. Like in the 
embodiment 1, each of the other p-partition regions 13 in the 
active section is also provided with the wider section 31 . The 
other arrangements, dimensions and impurity concentrations 

1 . About the same 

cLLti oaiuc ao uuuu^ ->-±^ — - 

arrangement a* that in the embodiment 1, the same reference 
numerals as those in the embodiment 1 are given to the 
constituents therein and explanations thereof will be omitted. 

According to the above-explained embodiment 2, the part 
20 in a shape of a three-dimensional curved surface of the end 
portion of the trench is surrounded by the wider section 31 
in the p-partition region 13. Therefore, in the parallel p-n 
junction layer 14, a total amount of impurity in a section, 
with which the part 20 in a shape of a three-dimensional curved 
surface in the end portion of the trench is in contact, becomes 
larger. This causes an electric field when a reverse bias 
voltage is applied to the element to increase at a boundary 
between the wider section 31 in the p-partition region 13 and 
the n-drift region 12. Therefore, the electric field at the 
part 20 in a shape of a three-dimensional curved surface in 
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the end portion of the trench is relatively lessened. This, 
like in the embodiment 1, suppresses hot carriers injected into 
the gate insulator film 18. Thus, there can be obtained an 
effect of increasing reliability of the gate insulator film 
18, and along with this, allowing a desired breakdown voltage 
to be obtained. Furthermore, since the wider sections 31 in 
the p-partition regions 13 are disposed in the active section, 
an effect of increasing an avalanche breakdown voltage can be 
obtained like in the embodiment 1. 
tmbodimeiiL 3 

FIGURE 5 is ? perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 3 of the 
invention. FIGURE 6 is a schematic view showing a principal 
part in a planer structure at a depth near bottom portions of 
the trenches in the element. The embodiment 3 has an 
arrangement in which in the embodiment 1 a second trench 41 
is formed in the p + -region 21 in the p-partition region 13 in 
the active section in parallel with the p-partition region 13. 
To the second trench 41, there is connected a part 20 in a shape 
of a three-dimensional curved surface to become an end portion 
of each of the trenches 17 . The second trench 41 is also filled 
in with the gate electrode 19 with the gate insulator film 18 
put between the trench 41 and the gate electrode 18. 

The width and the depth of the second trench 41 are the 



19 



same as those of the trench 17 exemplified in the embodiment 
1. Namely, the width is approximately l\m and the depth is 
approximately 3.5|mu Here, as shown in FIG. 6, the second 
trench 41 is formed within the p + -region 21 in the p-partition 
region 13 without protruding from the p + -region 21 . The other 
arrangements, dimensions and impurity concentrations are the 
same as those in the embodiment 1 . About the same arrangement 
as that in the embodiment 1, the same reference numerals as 
those in the embodiment 1 are given to the constituents therein 
and explanations thereof will be omitted. 

„ i-^c aiin-srp-pxnlained embodiment 3, the part 

20 in a shape of a three-dimensional curved surface of the end 
portion of the trench is surrounded by the p + -region 21 in the 
p-partition region 13. This causes an electric field when a 
reverse bias voltage is applied to the element to increase at 
a boundary between the p + -region 21 and the n-drift region 12. 
Therefore, like in the embodiment 1, injection of hot carriers 
into the gate insulator film 18 is suppressed. Thus, there 
can be obtained an effect of increasing reliability of the gate 
insulator film 18, and along with this, allowing a desired 
breakdown voltage to be obtained. Furthermore, an effect of 
increasing an avalanche breakdown voltage can be obtained. 
Embodiment 4 

FIGURE 7 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
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semiconductor element according to the embodiment 4 of the 
invention. FIGURE 8 is a schematic view showing a principal 
part in a planer structure at a depth near bottom portions of 
the trenches in the element. The embodiment 4 is provided by 
applying the embodiment 3 to the embodiment 2 . Namely, in the 
embodiment 2, the second trench 41 is formed in the wider 
section 31 in the p-partition region 13 in the active section 
in parallel with the p-partition region 13. To the second 
trench 41, there is connected a part 20 in a shape of a 

H nortion of 

tnree-aimensiundi ^uivcu &ia±. , — - 

the second embodiment. 
The width and the depth of the second trench 41 are the 
same as those in the embodiment 3 and are approximately l|ua 
and 3.5|am, respectively. The other arrangements, dimensions 
and impurity concentrations are the same as those in the 
embodiment 2. About the same arrangement as that in the 
embodiment 1 or the embodiment 2, the same reference numerals 
as those in the embodiment 1 or the embodiment 2 are given to 
the constituents therein and explanations thereof will be 
omitted. 

According to the above-explained embodiment 4, the part 
2 0 in a shape of a three-dimensional curved surface of the end 
portion of the trench is surrounded by the wider section 31 
in the p-partition region 13. This causes an electric field 
when a reverse bias voltage is applied to the element to 
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increase at a boundary between the wider section 31 in the 
p-partition region 13 and the n-drift region 12. Therefore, 
like in the embodiment 2, injection of hot carriers into the 
gate insulator film 18 is suppressed. Thus, there can be 
obtained an effect of increasing reliability of the gate 
insulator film 18, and along with this, allowing a desired 
breakdown voltage to be obtained. Furthermore, an effect of 
increasing an avalanche breakdown voltage can be obtained. 
Embodiment 5 

1 cart 

£'HiUKIL 2 -LS d auiiciuaLx^ v " ~" => " * * 

* -.-^^ .fmpfnr. * t- * rteDth near bottom portions of the 
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trenches in the super junction semiconductor element according 
to the embodiment 5 of the invention. The embodiment 5 is 
provided to have an arrangement in which in the embodiment 3 
or the embodiment 4 the active region of the element is 
surrounded by trenches 17, being approximately perpendicular 
to the p + -regions 21 in the parallel p-n junction layer 14 or 
the wider sections 31 in the p-partition region 13, and by 
second trenches 41, being connected to the end portions of the 
trenches 17 and perpendicular to the trenches 17. The other 
arrangements are the same as those in the embodiment 3 or the 
embodiment 4. Thus, explanations thereof will be omitted. 
Therefore, by the embodiment 5, similar effects to those by 
the embodiment 3 or the embodiment 4 can be obtained. 
Embodiment 6 
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FIGURE 10 is a perspective cross sectional view showing 
an arrangement of a principal part of a super junction 
semiconductor element according to the embodiment 6 of the 
invention. FIGURE 11 is a schematic view showing a principal 
part in a planer structure at a depth near bottom portions of 
the trenches in the element. Moreover, FIG. 12 is a vertical 
cross sectional view of a region near the end portion of the 
trench (a section taken on line A - A' in FIG. 11), and FIG. 
13 is a vertical cross sectional view of a region that is not 

. . j „u ic. Pin plpmRnt active 

near tne enu puiLiun u±±^ ■ * 

a c^-Mrvn on line B - B' in FIG. 11). 

icyiwii w>~~-- 

As shown in FIG. 10, the embodiment 6 has an arrangement 
in which in the embodiment 2 trenches 51, extending along the 
p-partition regions 13 in parallel with thereto, are provided 
instead of the trenches 17 provided approximately 
perpendicularly to the p-partition regions 13 in the parallel 
p-n junction layer 14. Each of the trenches 51 is provided 
on the p-partition region 13 and the wider section 31 in the 
p-partition region 13. As shown in FIG. 11 and FIG. 12, the 
part 20 in a shape of a three-dimensional curved surface in 

the end portion of the trench 51 is surrounded by the wider 

section 31 in the p-partition regions 13. 

Moreover, as shown in FIG. 11 and FIG. 13, in the part 

of the trench 51 except the end portion thereof, the width of 

the trench 51 is larger than the width of the p-partition region 
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13 . This makes the side wall section of the trench 51 in contact 
with the n-drift region 12 of the parallel p-n junction region 

14. The bottom portion of the trench 51 is in contact with 
the p-partition region 13. The trench 51 is also filled in 
with the gate electrode 19 with the gate insulator film 18 put 
between the trench 17 and the gate electrode 18. 

Here, the width of the trench 51 is, for example, 7um. 
Moreover, in a section near the end portion of the trench, the 
width of the wider section 31 in the p-partition region 13 is 

~ . mi -e 4- v. ~ ^fK /-n -f f n-^ri "Ft - -r&rti nn 

approxixuaLexy ojluu. hicl. cj-wj. w — 

n a* a «nrAvimaheiv 4 1 nn . The other ar r anqement s , dimensions 
and impurity concentrations are the same as those in the 
embodiment 2. About the same arrangement as that in the 
embodiment 1 or the embodiment 2, the same reference numerals 
as those in the embodiment 1 or the embodiment 2 are given to 
the constituents therein and explanations thereof will be 
omitted. 

According to the above-explained embodiment 6, the part 
20 in a shape of a three-dimensional curved surface of the end 
portion of the trench is surrounded by the wider section 31 
in the p-partition region 13. This causes an electric field 
when a reverse bias voltage is applied to the element to 
increase at a boundary between the wider section 31 in the 
p-partition region 13 and the n-drift region 12. Therefore, 
like in the embodiment 2, injection of hot carriers into the 
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gate insulator film 18 is suppressed. Thus, there can be 
obtained an effect of increasing reliability of the gate 
insulator film 18, and along with this, allowing a desired 
breakdown voltage to be obtained. 
Embodiment 7 

FIGURE 14 is a schematic view showing a principal part 
in a planer structure at a depth near bottom portions of the 
trenches in the super junction semiconductor element according 
to the embodiment 7 of the invention. Moreover, FIG. 15 is 

j— „ ~ i „ ^^^.4- n o 1 tH r\-F a rorri nn n&a r thp Pnd DOrt ion 

of the trench (a section taken on line C - C in FIG. 14) , and 
FIG. 16 is a vertical cross sectional view of a region that 
is not near the end portion of the trench, that is, an element 
active region (a section taken on line D-D' in FIG. 14) . 

As shown in FIG. 14, the embodiment 7 has an arrangement 
in which in the embodiment 6 the wider section 31 in the 
p-partition region 13 is provided not only in a region near 
the end portion of the trench 51 but also in the element active 
region in being along the trench 51. Therefore, the trench 
51 is surrounded by the wider section 31 in the p-partition 
region 13 not only of course in the part 20 in a shape of a 
three-dimensional curved surface in the end portion thereof 
as shown in FIG. 14 and FIG. 15 but also in the section except 
the end portion as shown in FIG. 16. The other arrangements 
are the same as those in the embodiment 6. Thus, explanations 
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thereof will be omitted. Therefore, by the embodiment 7, 
similar effects to those by the embodiment 6 can be obtained. 
Furthermore, since the wider sections 31 in the p-partition 
regions 13 are disposed in the active section, an effect of 
increasing an avalanche breakdown voltage can be obtained like 

in the embodiment 1. 

In the foregoing, the invention can be variously 
modified without being limited to the above-described 
embodiments. For example, the above-explained values of the 

...... „nc arp mprp. examples 

dimensions ana rne lmpui-j-uy v,^n^" — 

.. . . ^ ^ r 0e frir.Hnn on the invention. Moreover, 

rnau aie lu j-m^w^v- 

in the embodiment 6 or the embodiment 7, an arrangement can 
be provided in which a second trench is provided 
perpendicularly to the trenches 51 like in the example 3 or 
the example 4 to connect the end portions of the trenches 51 
to the second trench. In this case, an arrangement can be 
provided in which the trenches 51 and the second trench surround 
the element active region like in the embodiment 5. 
Furthermore, the invention, without being limited to the 
MOSFETs, can be applied to elements such as IGBTs and bipolar 
transistors • 

According to the invention, in a region allowing a 
current to flow in a turned-on state, a part in a shape of a 
three-dimensional curved surface of the end portion of the 
trench is surrounded by the section with a higher impurity 
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concentration or with a larger width in the second conduction 
type partition region in the parallel p-n junction layer . This 
increases electric field strength at a boundary between the 
section with a higher impurity concentration or with a larger 
width in the second conduction type partition region and the 
first conduction type drift region. Therefore, concentration 
of electric field strength to the part in a shape of a 
three-dimensional curved surface of the end portion of the 
trench is lessened. This can lessen hot carriers injected into 

... , .1. • _i- _.i ^ ,u-i i ^fu nf thp crate 
the gate insulator rum, uy mixuu 1.0-— — -.. -- 

. . „j a nH. alona with this, a break down 
msuiaLOL i-LAiu j-o un-^uwv. , - 

voltage can be made stabilized. 
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